INTRODUCTION
The endophytic sugar-cane bacterium Acetobacter diazotrophicus SRT4 produces a constitutive levansucrase (LsdA ; EC 2.4.1.10), which is secreted into the medium [1] . The enzyme catalyses transfructosylation from sucrose to a variety of acceptors, including water (sucrose hydrolysis), glucose (sucrose exchange), sucrose (1-kestose synthesis) and levan (polymerization). The reaction occurs via a Ping-Pong mechanism involving the formation of a transient fructosyl-enzyme intermediate. The kinetic parameters of LsdA do not differ greatly from those of the wellcharacterized levansucrase produced by Bacillus subtilis. Many other bacteria produce levansucrase ; however, the catalytic properties of these enzymes have been little studied.
Comparison of the predicted primary structures of levansucrases available in the literature shows several conserved domains, which may be involved in enzyme activity. One of these domains, the Arg-Asp-Pro (RDP) motif, is also highly conserved in β-fructofuranosidases of family 32 of the glycosylhydrolases [2] [3] [4] ; however, its function has not been studied to date. By means of site-directed mutagenesis, we show here that the Asp residue contained in the RDP motif of LsdA plays a significant role in catalysis.
MATERIALS AND METHODS

Materials
Restriction endonucleases and T4 DNA ligase were purchased from New England Biolabs, and radiochemicals were from Amersham. The glucose oxidase\peroxidase-coupled colorimetric kit (Trinder) was from Sigma.
Bacterial strains and media
Escherichia coli strains used were : MC 1061 [F − araD139 ∆(araleu)7696 ∆(lac)X74 galU galK hsdR2 (r k * − m k * + ) mcrBI rpsL Abbreviation used : LsdA, levansucrase from Acetobacter diazotrophicus. 1 To whom correspondence should be addressed (e-mail ipmlab!cigb.edu.cu).
activity at pH 5.0 and yielded similar product profiles. Thus the mutation D309N affected the efficiency of sucrose hydrolysis, but not the enzyme specificity. Since the RDP motif is present in a conserved position in fructosyltransferases, invertases, levanases, inulinases and sucrose-6-phosphate hydrolases, it is likely to have a common functional role in β-fructofuranosidases.
Key words : enzyme activity, β-fructofuranosidase, fructosyltransferase, LsdA, site-directed mutagenesis. [6] , and S17-1 othi pro hsdR recA [RP4-2(Tc : :Mu) (Km : :Tn7)]q [7] . Acetobacter diazotrophicus strains used were : SRT4 (wildtype, Lev + ) [8] and AD1 (SRT4 lsdA ::nptII-ble cassette, Lev − ) [9] . E. coli strains were grown in Luria broth supplemented with ampicillin (50 µg\ml) and tetracycline (12.5 µg\ml) as appropriate. A. diazotrophicus strains were grown in LGIE medium [9] . Chloramphenicol (30 µg\ml) and tetracycline (20 µg\ml) were added to LGIE agar medium to select the transconjugants.
Site-directed mutagenesis
Plasmid pALS5 [9] containing the lsdA gene under its own promoter was used as a template for mutagenesis using the Unique-Site Elimination Mutagenesis Kit (Pharmacia-Biotech). The oligonucleotide 5h-TTCTTCAATTCCGCAATCCGTTCA-CCTTC-3h was used to generate the mutation D309N in the lsdA gene. The mutant strand was selected using the mutation introduced by the oligonucleotide 5h-CGCGCGCATCAGGT-CGGATATCGTTTCGTTCAGGTAGG-3h, which changed the unique NcoI site in pALS5 into an EcoRV unique site (mismatches are underlined). After complementary strand synthesis and ligation, the DNA was digested with NcoI and used to transform E. coli NM522 (mutS) cells. Plasmids from transformants were mass-purified, digested with NcoI and used to transform E. coli MC 1061. Mutants were screened by EcoRV digestion, and the D309N substitution was confirmed by DNA sequencing. The plasmid carrying the mutated lsdA gene was named pALS92.
Expression of recombinant LsdA in a levansucrase-deficient A. diazotrophicus strain
Plasmids pALS5 and pALS92 were HindIII-linearized and inserted in the broad-host-range cloning vector pRK293 [10] . The resulting plasmids were named pALS6 and pALS93 respectively, and were used to transform E. coli S17-1 (tra + ). The conjugal mating procedure as described by Arrieta et al. [9] was used to mobilize plasmids pALS6 and pALS93 into the A. diazotrophicus mutant AD1, in which the lsdA gene is disrupted by the nptII-ble cassette.
Sequence analysis
The database searches in EMBL, SWISS-PROT and PIR were performed using Blast [11] and profile search programs [12] , both using the default parameters. The ClustalW program [13] was used to create a consensus multiple alignment of glycosylhydrolases (family 32) and bacterial fructosyltransferases.
Other methods
The mutated lsdA gene in pALS92 was sequenced using the dideoxy chain-termination method [14] with a Sequenase 2.0 sequencing kit (Amersham). The native and mutant levansucrases were purified from culture supernatants as described by Arrieta et al. [9] . Purified proteins were quantified by the Bradford procedure [15] using BSA as a standard. Proteins in culture supernatants were quantified by densitometric analysis of 12.5 % (w\v) polyacrylamide gels stained with Coomassie Brilliant Blue
Figure 1 Expression and purification of D309N LsdA analysed by SDS/PAGE
Proteins were analysed on an SDS/12 % (w/v)-polyacrylamide gel. Samples were denatured by heating at 100 mC for 5 min in 2 % (w/v) SDS and 143 mM β-mercaptoethanol before electrophoresis. Proteins were revealed by Coomassie Blue staining. Lanes : 1, protein molecular mass markers (kDa) ; 2, culture supernatant from the lsdA : :nptII-ble A. diazotrophicus mutant AD1 harbouring pALS93 ; 3, purified D309N LsdA.
R-250 (Sigma). SDS\PAGE was performed as described by Laemmli [16] . For Western blotting, proteins were separated by SDS\PAGE, transferred on to a nitrocellulose membrane and probed with rabbit polyclonal antibodies against native LsdA [9] , and binding was detected using an anti-[rabbit IgG (Fc)]-alkaline phosphatase conjugate (Promega).
RESULTS AND DISCUSSION
Acidic residues have been found to be responsible for catalysis in most glycosylhydrolases studied to date [17] . Multiple sequence alignment of bacterial fructosyltransferases available in the EMBL\SWISS-PROT and PIR databases revealed the presence of five well-conserved domains containing aspartate or glutamate residues ( Table 1) . Substitution of Asp-309 by Asn in domain III (the RDP motif) of LsdA was carried out by site-directed mutagenesis. A single base change (AAT instead of GAT in the codon corresponding to Asp-309) was generated in the mutated lsdA gene, as confirmed by DNA sequencing. Levansucrase expression from plasmid pALS6 or pALS93 in the lsdA ::nptIIble A. diazotrophicus mutant AD1 resulted in a secreted protein with the expected molecular mass of 60 kDa, as deduced by SDS\PAGE and Western blot analysis. Densitometric analysis of the supernatant proteins separated on SDS\polyacrylamide gels revealed that the native and mutant levansucrases both represented over 80 % of the total secreted proteins. This finding 
Figure 2 Effect of pH on enzymic activity of D309N LsdA
The effect of pH was examined using 0.1 M sodium acetate buffer in the pH range 3.0-6.0 (>) and sodium phosphate buffer in the pH range 6.0-8.0 () at 30 mC. Enzyme activity was evaluated using the sucrose hydrolysis reaction described in Table 2 . Each enzyme activity assay was replicated three times.
indicates that substitution of Asp-309 by Asn did not affect enzyme synthesis or secretion. The native and mutant proteins were purified to homogeneity from A. diazotrophicus supernatants (Figure 1 ) and their kinetic properties were determined. As shown in Table 2 , the k cat value for the D309N LsdA was decreased 75-fold, but its K m value was Table 2 ) at 30 mC with shaking at 200 rev./min. After 6 h, the reaction was stopped by heating in a boiling-water bath for 5 min. Aliquots of each reaction mixture were diluted appropriately and analysed by HPLC using an Aminex HPX-87N column [0.78 cm (internal diam.)i30 cm ; Bio-Rad] with a refractive index detector. A solution of 10 mM Na 2 SO 4 was used as the mobile phase at a flow rate of 0.5 ml/min. The operating temperature was 85 mC. F, G, S, K and DP 3 refer respectively to fructose, glucose, sucrose, 1-kestose and fructans with degree of polymerization greater than 3.
very similar to that of the wild-type enzyme, indicating that Asp-309 plays an essential role in the catalytic mechanism of LsdA. The activity of the mutant enzyme was optimal at pH 5.0 ( Figure  2) , as reported previously for native LsdA [1] . The transfructosylation reaction of the two levansucrases rendered similar product profiles, with the accumulation of 1-kestose being relevant (Figure 3) . These results indicate that the mutation D309N in LsdA, although it affected the efficiency of sucrose hydrolysis, did not alter enzyme specificity.
The RDP motif is found at a conserved position, not only in levansucrases but also in invertases, levanases, inulinases and sucrose-6-phosphate hydrolases (Table 3) ; however, it is absent from α-glucosidases and α-glucosyltransferases. Two acidic residues have been identified as being involved in the catalytic mechanism of yeast invertase : Asp-23 as a nucleophile and Glu-204 as an acid\base catalyst [19, 20] , but the function of the RDP motif has not been studied to date. It is known that, within a family or related families, highly conserved amino acids are usually associated with either a structural or a functional role. On this basis, the catalytic importance of the RDP motif in LsdA may extend to other β-fructofuranosidases.
